Though functional social support has been shown to serve as a protective factor for HIV viral load suppression in other populations, scant research has examined this relationship among men who have sex with men (MSM) in the United States. We assessed characteristics of social support, effects of social support on HIV viral load, and moderation by social support of the relationship between psychosocial indicators of a synergistic epidemic (syndemic) and HIV viral load. We analyzed longitudinal data from HIV-positive MSM using antiretroviral therapy who were enrolled in the Multicenter AIDS Cohort Study between 2002 and 2009 (n = 712). First, we conducted reliability assessments of a one-item social support measure. Then, we conducted a series of generalized longitudinal mixed models to assess our research questions. Moderation was assessed using an interaction term. A three-level (low/medium/high) social support variable demonstrated high reliability (intraclass correlation coefficients = 0.72; 95% CI: 0.70, 0.75).
Introduction
Globally, social relationships have been shown to have a robust effect on health. Stronger social relationships have been demonstrated to be a robust protective factor against morbidity and all-cause mortality (Holt-Lunstad, Smith, & Layton, 2010; Lett et al., 2007; Murphy et al., 2008) . To better understand the effect of social relationships on health, researchers have attempted to refine and distinguish patterns of social relationships into functional and structural realms, wherein functional social relationships can be loosely defined as perceived and received social support, and structural social relationships comprise marital status, breadth and density of social networks, social integration, and other factors. Both functional and structural social relationships have been shown to have similar protective effects on health (Holt-Lunstad et al., 2010) . Though causality has been difficult to prove and biopsychosocial pathways have not been disentangled, increased functional social support has been shown to positively impact medication adherence, including among people living with HIV/AIDS (PLWHA) who are on antiretroviral therapy (ART) (DiMatteo, 2004; Kelly, Hartman, Graham, Kallen, & Giordano, 2014) . Research on a sample of HIV-positive African-American and Latino/a MSM and women in Los Angeles demonstrated that HIV status disclosure to higher numbers of social network members was predictive of retention in medical care, although this effect was not seen in MSM alone, and a multidimensional measure of social support was not significantly predictive of care retention (Wohl et al., 2011) .
Functional social support has important health-promoting effects for PLWHA, as multiple studies have shown that greater functional social support is associated with lower viral load and greater viral load suppression (Amberbir, Woldemichael, Getachew, Girma, & Deribe, 2008; Burgoyne, 2005; Knowlton et al., 2006 Knowlton et al., , 2007 Power et al., 2003; Simoni, Frick, & Huang, 2006) . HIV viral suppression reduces the risk of overall mortality, the likelihood of opportunistic infections, and the odds of transmitting HIV to sexual partners (Cohen et al., 2011; Palella Jr et al., 1998) . Because increasing the overall proportion of people with undetectable viral loads may, in turn, greatly reduce population-level viral load and HIV incidence, understanding factors like functional social support that are associated with viral suppression is essential to the Treatment as Prevention (TasP) model (Das et al., 2010; Montaner et al., 2010) . However, there exists little knowledge about the effects of functional social support among HIV-positive men who have sex with men (MSM) in the United States. Previous investigations into associations between functional social support and viral load have utilized data from samples of injection drug users (Knowlton et al., 2006 (Knowlton et al., , 2007 , heterosexuals (Simoni et al., 2006) , men and women combined (Power et al., 2003) , and populations outside the United States (Amberbir et al., 2008; Burgoyne, 2005) . Each of these studies found that greater functional social support is associated with lower viral load (Amberbir et al., 2008; Burgoyne, 2005; Knowlton et al., 2006 Knowlton et al., , 2007 Power et al., 2003; Simoni et al., 2006) . Because MSM constituted 62% of new HIV diagnoses throughout the United States in 2011, researchers and practitioners alike should understand if functional social support is associated with viral load and suppression in this population (Centers for Disease Control & Prevention, 2013) .
Though we know little about the relationship between functional social support and viral load among MSM in the United States, researchers have established robust associations between viral load suppression, ART adherence, and often co-occurring psychosocial factors such as depression, substance use, and sexual risk-taking that have been shown to form a synergistic epidemic (syndemic) among MSM (Blashill et al., 2014; Stall et al., 2003; Stall, Friedman, & Catania, 2008) . This syndemic cascade among MSM has been theorized and empirically shown to develop as a result of early life adversities, including sexualityrelated stigma and marginalization experienced during childhood and adolescence (Herrick et al., 2013; Stall et al., 2003) . Compared with heterosexuals, sexual minorities experience significant disparities in social support and peer/family/school connectedness, which can mediate the development of negative psychosocial health outcomes resulting from adversity (Coulter, Herrick, Friedman, & Stall, 2016; Frost, Meyer, & Schwartz, 2016; Saewyc et al., 2009) .
Based on these findings, it is likely that HIV-positive MSM suffer severe and persistent social support deficits, which are strongly associated with psychosocial outcomes that in turn inflect HIV treatment outcomes. One study found that while adherence partially mediated the relationship between syndemic and viral load, other factors may also be also at play -and one may be resiliencies . For the last several years, researchers have been calling for more resilience research, to empirically assess how diverse protective factors modify the relationship between a psychosocial syndemic and health outcomes (Buttram, 2015; Herrick et al., 2011 Herrick et al., , 2013 . Functional social support may be one of many factors buffering the association between psychosocial syndemic indicators and viral load.
The purpose of this study was to empirically examine the effects of a one-item measure of functional social support on HIV viral load in a longitudinal cohort that includes a large subset of HIV-positive MSM. First, we examined sociodemographic correlates of functional social support. Second, we investigated independent effects of functional social support on viral load and viral load suppression, controlling for known risk factors (psychosocial syndemic indicators) and ART adherence. Finally, we examined whether social support moderated the relationship between psychosocial syndemic indicators and viral load. We hypothesized that the harmful effects of syndemic indicators on viral load would be modified for those with higher social support vs. those with lower social support.
Methods

Sample
The Multicenter AIDS Cohort Study (MACS), designed as an observational cohort study of the natural and treated history of HIV/AIDS in gay/bisexual men, has enrolled successive cohorts since 1984 in four US cities: Chicago, Pittsburgh, Los Angeles, and Baltimore (Kaslow et al., 1987; Silvestre et al., 2006 Herrick et al., 2013) . To avoid potential confounding, recent sero-conversion was also included as a covariate in analyses of viral load suppression. MSM who seroconverted between study visits 38 and 50 were treated as "recent sero-converters" during the first three study visits after sero-conversion .
HIV viral load
At each visit, blood from HIV-positive participants was assayed for HIV viral load levels using the COBAS Ultrasensitive Amplicor HIV-1 monitor assay for HIV RNA (Roche Molecular Systems, Branchburg, NJ), with a sensitivity of 50 copies of HIV per RNA/mm 3 . We analyzed two forms of this variable: (1) continuous viral load, in which we log 10 -transformed viral load values and (2) binary viral load suppression, where we used a cutoff point of <200 copies/mm 3 to distinguish detectable from undetectable viral load (Department of Health and Human Services, 2015; Health Services Resource Administration, 2015).
ART adherence
We used an ART adherence scale measuring four levels of self-reported adherence since last visit. Participants responded to a single-item question ("On average, how often did you take your medication as prescribed?") assessing frequency of all ART medication use as prescribed since last visit. Response options included 100% of the time, 95-99% of the time, 75-94% of the time, and <75% of the time (Carrico et al., 2014; Shoptaw et al., 2012) .
Syndemic indicators
The sum (0-3) per subject, by visit, of the number of psychosocial syndemic indicators: depression symptoms (CES-D score > 15), polysubstance use (two or more illegal substances used at least monthly), and any condomless anal sex with casual male partners; treated as a continuous variable. This summed variable has been shown in this sample to be highly predictive of both ART adherence and HIV viral load , with significant synergistic effects on ART adherence when depressive symptoms and polysubstance use are concomitant . Further details about this measure and its component variables can be found elsewhere .
Functional social support
The following one-item question assessed social support at each visit: "Is there someone you can talk to about things that are important to you -someone you can count on for understanding or support?" Response options included: (1) "No, no one"; (2) "Yes, one person"; (3) 2-3 people; (4) 4-5 people; and (5) 6 or more people. Based on response distributions, we used a tripartite variable that categorized social support as low (0 or 1 people), medium (2-3 people), and high (4 or more people). This measure aligns with the definition for perceptions of social support ("perception of availability of emotional, informational, tangible, or belonging support if needed") measured in existing scales (Hanson, Elmståhl, Isacsson, & Ranstam, 1997; HoltLunstad et al., 2010; Sarason, Levine, Basham, & Sarason, 1983; Seeman & Berkman, 1988) , and shares characteristics with a single-item social support measure that assessed the number of people who could be counted on for tangible assistance, which predicted morbidity (Blake & McKay, 1986) .
Statistical analysis
As the one-item social support measure had not to our knowledge been previously tested, we first assessed its reliability within this sample. We used the publicly available SAS macro, %icc9, which estimates intraclass correlation coefficients (ICC) (Hertzmark & Spiegelman, 2010) . We assessed the overall ICC and the within-subject coefficient of variation for social support, after adjusting for the fixed effect of time (Hankinson et al., 1995) . We considered 0.70 as the minimum threshold for adequate measurement quality (Terwee et al., 2007) .
To assess our primary research questions, we used SAS PROC GLIMMIX to fit generalized longitudinal mixed models, with a repeated measures statement controlling for within-subject variance over time (13 visits, from 2002 to 2009), adjusting for sociodemographics, ART adherence, and syndemic indicators. We first explored whether social support was correlated with the effects of time, sociodemographic covariates, and syndemic indicators. Then, we tested whether social support was associated with HIV viral load. Finally, we assessed whether social support moderated the effect of syndemics on HIV viral load by adding an interaction term (i.e., social support × syndemic indicators). We reported parameter estimates and least-squares means estimates for variables of interest. Least-squares means were estimated using observed margins for outcomes (social support and viral load); within-group analyses were conducted by level and further adjusted using the studentized maximum modular approach to minimize error rates associated with heteroscedasticity and subgroup multiplicity. Least-squares means estimates from moderation models were used in graphing regressed moderation slopes. Analyses were performed using SAS 9.3 (SAS Institute Inc., Cary, NC, USA). 
Results
Sociodemographics
Reliability of functional social support measure
Nearly all participants (98.3%) completed the social support question more than once, with an average of 9.7 completions over 13 potential visits and a total of 6796 observations (data not shown). Table 2 shows that, adjusting for time, the coefficient of reliability (ICC) was 0.74 (95% CI: 0.72, 0.77), and the estimated coefficient of within-subject variance was 0.17 (95% CI: 0.17, 0.18) for the original social support scale (1-5); observed means ranged from 3.14 to 3.45 by study visit, with standard errors from 0.05 to 0.07. Over study visits 38-50 (2002-2009) , 3.2% of subjects reported no social support at a given observation; 21.0% reported 1 social support person; 38.7% reported 2-3 people; 23.7% reported 4-5 people; and 13.2% reported 6 or more people, approximating a normal distribution.
Based on these data, we computed and assessed the reliability of a refined social support scale based on tertiles, reflecting low (0-1 people), medium (2-3 people), and high (4 or more people) functional social support. This refined scale had similar reliability, with an ICC of 0.72 (95% CI: 0.70, 0.75). Though the estimated coefficient of within-subject variance (0.38; 95% CI: 0.36, 0.39) was wider than that in the original scale, distributions were similarly centered, ranging from 1.05 to 1.27 (using a scaling of 0-2) by study visit; and standard errors were relatively lower, ranging from 0.03 to 0.05 by visit. We used this refined scale in subsequent analyses for ease of interpretation.
Correlates of functional social support Table 3 shows that social support did not vary significantly over time (F = 1.33; p = .20). Participants with annual income less than $20,000, Black and Hispanic MSM, bisexually behaving men, and men younger than 40 all reported significantly lower social support than their counterparts (all p-values < .0001). MSM who had sero-converted within the last three study visits prior to observation reported higher social support than MSM who had been living with HIV for longer periods (t = 2.34; p < .05). Adherence was not significantly associated with social support (F = 1.52, p = .21). Higher numbers of concomitant psychosocial syndemics were strongly associated with lower social support (F = 40.00; p < .0001): compared with those experiencing one syndemic conditions, men experiencing no syndemic conditions reported higher social support (t = 4.92; p < .0001); and men experiencing one syndemic condition reported higher social support than men experiencing two syndemic conditions (t = 8.2; p < .0001). However, there were no significant social support differences between reporting two syndemic conditions and reporting three syndemic conditions (t = 1.56; p = .53). Table 4 shows that syndemic indicators were strongly associated with log 10 viral loads (F = 6.93; p < .0001) and proportions with suppressed virus (F = 3.37; p < .05). Social support had a significant moderating effect (F = 2.47; p < .05) on the relationship between syndemic indicators and log 10 viral load (Model 2). Social support also had a significant moderating effect (F = 2.46; p < .05) on the relationship between syndemic indicators and proportion of participants with suppressed viral load (Model 4). Figure 1 illustrates that, while increasing 
Associations between social support and HIV viral load
Moderation by social support of relationship between syndemic indicators and viral load
Discussion
Our findings show that, among sexually active HIV-positive MSM on ART in the MACS, functional social support has a significant protective effect on viral load suppression. These results add to the literature showing functional social support's protective effect on viral load in other populations (Amberbir et al., 2008; Burgoyne, 2005; Knowlton et al., 2006 Knowlton et al., , 2007 Power et al., 2003; Simoni et al., 2006) . Previous research has demonstrated that early social adversities inflect the production of syndemics; and that the effects of syndemics do not end with HIV acquisition, but persist to high effect on ART adherence and viral load suppression, whereby ART adherence significantly but incompletely mediates the relationship between syndemics and viral load (Blashill et al., 2014; Herrick et al., 2013) . These studies suggest that MSM with concomitant depression, substance use, and sexual risk behaviors are likely at significant risk for poorer HIV-related health outcomes as well as secondary transmission of HIV to sexual partners. Our findings suggest that, by moderating the relationship between syndemic and viral load in model controlling for ART adherence, functional social support has a strong protective effect on viral load suppression among these men with the highest number of concomitant psychosocial conditions and thus holds an important place in the syndemic model as extended to HIV-positive MSM (Appendix 2). Social support has been theorized as an important component in the larger framework of resiliency in sexual minority populations (Herrick, Egan, Coulter, Friedman, & Stall, 2014; Herrick, Stall, Goldhammer, Egan, & Mayer, 2014) . Perceived and endured stigma related to gay and bisexual identities, MSM behavior, and HIVpositive status are strongly related to the mental and physical health of HIV-positive MSM; fear of being judged and/or rejected for one's sexuality and HIV status can lead gay and bisexual men to avoid seeking friendships, relationships, and mental and physical health care, and to non-disclosure of sexuality and HIV status to existing support networks (Valdiserri, 2002; Wolitski, Pals, Kidder, Courtenay-Quirk, & Holtgrave, 2009 ). Our results provide preliminary evidence of the potency of functional social support in the health of marginalized and stigmatized groups. Our findings add to the evidence that MSM who are Black and Hispanic, bisexually behaving, and/or relatively young may have thinner social support structures, which is theoretically related to the social adversities they disproportionately experience (Ayala, Bingham, Kim, Wheeler, & Millett, 2012; Frost et al., 2016; Saewyc et al., 2009 ). Findings may be particularly salient for young Black MSM, among whom HIV incidence rates are increasing most sharply in the United States (Prejean et al., 2011) . Structural interventions for young MSM of color that are designed to provide safe spaces and to strengthen functional and structural social support may be particularly valuable (Friedman, 2014; Garcia et al., 2015; Hull, Gasiorowicz, Hollander, & Short, 2013) . While we assessed a theoretical component of functional social support in this study, other resiliencies such as structural social support, community attachment, and social capital may also combine to confer even greater benefit to HIV-positive MSM .
This study is subject to several limitations. First, while the MACS is a long-standing prospective cohort study, it should not be considered representative of MSM in the United States: participants are disproportionately over the age of 40 years and urban, and may be more likely to be in HIV care than other HIV-positive MSM due to the dedicated linkage services the study offers; furthermore, recruitment strategies focused on men who identified as gay or bisexual, and who may thus experience greater sexuality-related social support than MSM who do not identify as such. Second, the social support variable that we analyzed is a one-item measure and conflates the constructs of having people to talk to and to count on, without differentiating the source of support (e.g., friend, family, care provider) or fully discerning the type of support (e.g., informational, emotional, structural) received. In addition, this measure does not assess the quality of support received and how satisfying it is; previous research has indicated that some social support can be negatively perceived (Sarason, Shearin, Pierce, & Sarason, 1987) and, in certain high-stigma environments, may negatively influence ART medication uptake (Waddell & Messeri, 2006) . Although test-retest reliability was high for this one-item measure, construct validity was not assessed. Other validated social support measures, such as the multidimensional scale of perceived social support, may be significantly more robust (Zimet, Dahlem, Zimet, & Farley, 1988) . As such, our one-item question may have underestimated the true relationship between social support, viral suppression, syndemic, and effect modification of the syndemicviral load association. Third, although we controlled for adherence in our models using an established adherence measure (Carrico et al., 2014; Shoptaw et al., 2012) , self-reported adherence is subject to recall and response biases, which may explain why we found a relationship between social support and viral load but no relationship between social support and adherence (Lu et al., 2008) . Fourth, our measure of syndemic indicators (a count of concomitant depression symptoms, polysubstance use, and condomless anal sex with casual male partners) treats each component with equal weighting, hence ignoring effect size differences within these variables in relation to viral load Tsai & Burns, 2015) . Though this measure reflects the key syndemic indicators measured longitudinally in this sample, other variables shown to be important to the syndemic model for MSM have not been longitudinally assessed in the MACS, such as sexual compulsivity, sex work, intimate partner violence, and arrest history (Herrick et al., 2013; Kurtz, 2008; Parsons, Grov, & Golub, 2012; Stall, Friedman, Buttram, & Kurtz, 2012) . While our syndemic measure has been shown to have strong progressive effects on HIV viral load and ART adherence , and significant synergistic effects between component variables (polysubstance use and depressive symptoms) on ART adherence in this sample , we did not test whether social support moderated synergistic effects in this analysis Tsai & Burns, 2015) . Finally, as with all cohort studies, the MACS sample is subject to missing visits as well as missing data within visits; while our models used all observed data, we were only able to fully assess study visits that included complete data. However, these limitations have generally served to heighten a conservative modelling approach, as it is likely that our sampling, measures, and statistical adjustments have served to underestimate the extent of the main and moderating effects conferred by social support on viral load: using more robust measures with a more diverse and representative population of MSM who were less engaged in long-standing HIV research projects would likely find more, not less, variance in both viral load and social support. Despite these limitations, our findings have implications for research and clinical care.
We recommend further psychometric research on the reliability and validity of our one-item measure, to better assess its alignment with validated measures. Future research should explore whether this measure can be feasibly and acceptably used by clinicians to assess the social context of individual patients, which may predict treatment success or failure. One-item surveys, though lacking multidimensional nuance, have been used widely in health surveys and have several advantages, including interpretability and low resource burden, and have been utilized in social support assessment (Blake & McKay, 1986; Bowling, 2005) . We also recommend the design and testing of small-scale interventions across the HIV care continuum that attempt to increase functional social support experienced by HIV-positive MSM from family, friends, health-care practitioners, and medical social workers. As viral suppression is generally reached only after effective linkage to care, retention in care, ART uptake, and ART adherence are achieved, further studies should examine how social support both predicts outcomes across this continuum and moderates negative syndemic effects on these outcomes among MSM. There is mounting evidence that the emotional and physical benefits of social support are significant, especially to those most burdened by pre-existing psychosocial health conditions.
In the United States, social isolation is increasing, with Americans reporting fewer confidants over the past 20 years (McPherson, Smith-Lovin, & Brashears, 2006) . MSM face additional social integration deficits due to stigmatization over their sexual expression, and suffer elevated rates of psychosocial health conditions that are in turn associated with HIV incidence, poorer ART adherence, and lower viral suppression (Blashill et al., 2014; Herrick et al., 2013) . Concentrated efforts to increase meaningful social supports in HIV-positive MSM of color, and those presenting with depression, substance use, and sexual risk behavior, may have significant benefits for HIV-related health and wellness and the TasP model even when these syndemic indicators are resistant to modulation. Appendix 1. Least-squares means estimates of proportion of MSM with suppressed viral loads by syndemics count and social support level, waves 38-50 (n = 712) Figure A1 . Heuristic of functional social support and syndemics in HIV-positive MSM.
